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Circuit and mefliod for driving a load, in particular a high-intensity dischaige lamp, and a 
control unit for said circuit 



The present inventioin relates to a draiit for driving a load, coo^iri^ 

- two input terminals for connectiQn to a source ofa supply voltage; 

- a first and a second output termonal for connection to Ibe load; 

- at least one inductor coupled between one oftheou^rattenninals and a cotieq)onding ■ 
connection node; ' 

- at least one anangement comprising a switch coupled between one of said mpvct tenninals 

and one ofsaid connection nodes, a diode being connected between said one connection . 
node and the other input terminal; 

- a control unit for controlling said at least one switch. 
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Such a ciicuit is for example known fipom US 6384544. This document 
discloses a ballast for high-intensity dischaige lamps, wherein the steady-state running 
current of the lan^ may be conHoned using only two power switches. The circuit is provided 
wifli current limiting means which measure the current through the lamp, and disable the 
1 5 current by openmg tiie active switch when it is too high. When the current decreases, the 

active switch is tun»d on again. This feed-back mechanism tunis the active switch on 
indqiendently of the voltage over the switch at that time, causing switching losses to . 



• occur. 



The general object of the invention is to provide a circuit for driving a load, 
20. typicaUyaHgh-intensity discharge lan5),withalimitednun^ 
switching losses. 

is acMeved by designing each anangement and corresponding 

diode to allow the voltage over the switch of said each arrangement to return to substantiaUy 
zero before said switch is closed, tiie control unit beiiig designed to provide a signal for 
25 closing the switch when a substantidly zero voltage is detected over said <5>en^ 

■Riming the switch on at a substantially zero voltage means that switching 
losses are greatly reduced, and this without compficating the circuit A control unit can be 

usedtoobtaindiiscriticaldi8continuouscu£tentmode,whichistheinoste£Bcientmodefor . 
driving a load sudi as a hig^-intensity discharge lamp. 
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When high-intensily discharge (HID) lamps, for instance a metal haHde lanq», 
ate operated during the steady-state operation, it is beneficial to dehver a well-defined power 
level to flie lamp independently of flie lamp voltage, and without having too many losses, 

such as switching losses, etc. 

As HED lanq>s are susceptible to acoustic resonance at high frequencies, HID 
lanq»saiepreferably drivenatrelatively lowfi»qpendes (^caUy 1001^^ 

wave current 

A preferred embodiment of the dicuit of the invention for driving a load with, 
a substantially square wave current comprises: 

- afirstanangementcomprismgafirstswitchcot?>ledbetweentiiefirstiiq»utte^^ 
one of the said connection nodes, a diode being connected between said one connection 

node and the second ispat terminal; 

- asecondatrangementconqmsingtiiesecondswitchcoupledbetweentiiesecondinput 

terminal and one of the said connection nodes, a diode bemg connected between said one 
connection node and the first iiput terminal; 

- ihecontrolunitbemgdeagnedtogenemteitsconti^lsignalsmcommutationintervals, 

said first switch being operated during a first mlerval causing a load current having 
sobstantiafly a first direction, and said second switch bemg cq»erated during ^ 

interval causing a load current having substantially fbe opposite direction. 

IXiring a first commutation interval tiie first switch is <5»erated When a first 

switch is conducting, an increasmg current will flow fix>m tiie first uqput terminal via tiie 
switch tiiiough tiie inductor. The current continues to increase unttt a determmed condition is 
fulfilled (for mstance when a peak current is reached), at which moment tiie switch is opened. 
At tiiat moment tiie capacitor which models the internal c^adtance of tiie switch seen in tiie 
connection node, takes over tiie inductor current, causmg tiie c^tor voltage to decrease 
r^dly until tiie diode is switched on. The diode now takes over tiie mductor current The 
mductor current decreases finflier ^d crosses zero. The diode stops conducting and tiie 
editor takes over tiie current in tiie reverse direction, causing tiie capacitor voltage to rise 
rs?Hdly . When tiie voltage over tiie capacitor reaches tiie voltage of tiie first iiq?ut terminal, 
) tiieswitchcanbeturnedonagain.IntiiecaseofanarrangemetttconQmsmgonty 

switch, tiie internal body diode of tiie switch Ml will conduct during a very short period just 
before turning fl>e switch back on. fii tins way switchmg-on lakes place when tiie voltage 
drop over the switch is substantially zero, so fliat flie losses are minimal. 
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This zero voltage switching of the fiist switch is repeated until there occurs a 
commutation moment At such a moment the first commutation interval ends, and the second 
commutation interval starts. During the second commutation interval ^ second switch is 
repeatedly switched on and ofF while the first switch is ispt in its non-conducting slate, ft 
5 will he q)parent that the same phases can be distinguished and Hiat fbo current flows in tiie 
oipposite diiectitm through the lamp dicuit. 

The used switches are preferably MOSFET devices. IGBTs could be used as 
weD, but have the drawback M the current losses are loo high when they ate switched ofiE 
MOSFETs switdi off very rapidly and are therefore ptefened. 

According to a first embodiment offte circuit dfihie invention, a first inductor 
is coi^led between an output terminal and a first connection node, and a second inductor is 
coupled between said output terminal and a second connection node, wherein the first switch 
is coupled between said first connection node and the first input terminal and the second 

switch are coiq)led between said second connection node and the second iiq>utterminaL 
15 This embodiment with two independent down-stages is especially 

advantageous because the number of conqjonents is limited and because tiie circuit does not 
require any shotflsy diodes. Because the circuit can be operated by the conlrol unit in tiie 
transition mode, the losses are minima l. 

According to a second embodiment of the circuit of tiie mvention, each 
20 anangement comprises a series connection of the switch wifli two diodes coupled in anti- 
parallel, which first and second arrangement are coupled between the respective inpat 

ternoinals and a common coniiection node comiected to one side of Ibe inductor. 

This is a variant wifli one down-stage which can be operated under 

substantially the same conditions as the akeady described embodiments. 
25 According to.a fiitflier aspect of the invention tiie control unit is designedJo 

generate a commutation control signal for controlling the commutation intervals and a 

switching signal having a higher fi»quency tiian said commutation control signal for 

controlling the operation of flie active switeh, \«*erein said commutation and said switchiiig 

signal are synchronized by the control unit 
30 This synchronization ensures a well-defined commatation moment and avoids 

unexpected currrait or voltage behavior in tiie circuit 

According to a first variant of the invrattion tiie commutation control signal 

ensures a cornmutation finm said first interval to said second interval when the cunent 
timmgh the one or more inductors is substantially zero. 
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Apart ftom the switching losses during the first interval vvben Ihe first switch 
is operated, and during the second interval when the second switch is operatedi commutation 
losses when switching from the first to the second mterval can also be taken into account, 
although fliey are usuaUy less inQ)ortant However the commutating switching losses can also 
be minimized by synchroniznig Ihe high-fi»quency switching action with the low-fi»quency 
switching action, wherem the roles of the switches can be interchanged during zero current. 

According to a second variant fhe commutation cmtrol signal ensures a 
commutation from said first mterval to said second interval when the current tinough tiie at 
least one inductor is substantial]^ maxinium. 

In ttie second embodiment of the invwtion, which will be &r&er described in 
Figure 9, the commutation at maximum current, corresponds with a substantially zero voltage 
over the switdi which is going to become active, and can also be advantageous. 

The mvention further relates to a method for driving a load, conqtrising the 

steps o£ 

- turning on a switch for providing current through an mductor to the load; 

- turning off said switeh when the current throu^ the inductor reaches a determined value. 

The method of the invention is distinguished in that, after turn-off of the 
switch, flie current is directed so that it continues to flow until the voltage over flie switeh is 
substantially zero, at which time the switch is turned on a^in. 

In this way switdung losses are greatly reduced. 

The invention also relates to a control unit for use in any of ^ above 
described embodiments of tiie circuit or tiie method of the mvention, vidierem said control 
unit conqnises: 

- two c^acitors coupled in series between one input terminal and one of the connection 
nodes, wherem the divider node between the two c^adtors is .coupled via a resistor to a 

logic circuit; 

- said logic circuit bemg designed to provide a signal which turns on the corresponding 
switch comiected to said comiection node when the voltage m the divider node fells 

witiiin a predetermined voltage range. 

Such a control unit can be used in the cncuit or the method of the invention so 
as to ensure that closmg of tiie switeh takes place at a substantially zero voltage over tiiis 
switch. 
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Accatding to a first variant, the logic ciicuit further comprises a timer which 
starts running when the active switch is turned on until a pre-set time period has elapsed and 
the logic circuit provides a signal for turning off the switch. 

According to another variant, the logic circuit furlher comprises means for 
detecting a peak current in the load (4), whetem flie logic circuit provides a signal for turning 
off tiie switch (M1;M2) when said peak current is detected 

These and other astpects of the piesent invention will become apparent fiom 
and be eluddated wifli reference to tiie fflustiative embodiments described heremafier by way 
of non-limiting indication, and on the basis of the attached drawmgs, in \iiiich: 

Fig. 1 is a schematic <drcuit block diagram of a inior art ballast; 

Fig. 2 is schematic circuit diagram of a first embodiment of a conmmtating- 
forward driver circuit according to the invention; 

Fig. 3 represents schematically the current and/or voltage wavefoims at \ 
various points of the circuit of Figure 2; 

Fig. 4 shows a preferred embodiment of the control unit for use witii the 
circuit of Figure 2 according to the invention; 

Fig. S shows signals at various points of the contiol drcuit of Figure 4 during 
operation of the circuit 

Fig. 6 is a wavefonn diagram showing tiie current through the lamp II and tiie 
voltage over the lamp VIl, when tiie circuits of Figure 2 and 4 are used; 

Fig. 7 shows a detail view of fixe voltage and current.waveforms of Figure 6 
during commutation; 

Fig. 8 is a wavefoim diagram showing tiie lamp circuit current Ilc being the 
sunLof tiie currents tim)ugh flie respective inductors LL and L2, when tiie circuits of Figure 2 
and4 are used; 

Fig. 9 shovra a second embodiment of a commutating-forward driver circuit 
according to the invention; 

Fig. 10 shows signals at various points of the control circuit of Figure 4 when 
said control circuit is used to conti»l tiie second embodiment shown in Figure 9, and when it 
is connected as described 



Fig. 1 shows a ballast ciicuit which is suitable for bofli igniting and operating 
HID lan^ 4. A first drcuiby block 1 , typically comprismg a rectifier and an up-converter. 
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converts an AC input voltage info a high DC output voltage, typically in the order of 500 V. 
This high DC voltage is provided between two output terminals 9, 10 of block 1 and used as 
the supply voltage for respectively the igniter circuit 2 and Hie forward commutating stage 3 
fiilfilling tite fimction of a down-converter and a commutator into one integrated stage. 

The igniter CTxaiit 2 causes a current peak in the primary winding 7 in ordCT 

generate a high voltage peak at &e secondaiy winding 6. 

The cmmnuteting-forvi^ stage 3 provides a square wave current to o^^ 

the lamp during the nin-up phase of ihe lamp and m stea^ state. 

The following disotssdon concerns commutating-forwatd stages using a half- 
) bridge configuration, but a person sldHedm the art win understand that the ejqffl^ 
below can also be ^Hed to a commutating-forward stage 3 using a full-bridge 
' configuration. 

Figure 2 shows a commutating-forward driver 3 according to a first 
. embodiment of the invendon, which can be used to perform the method of the invention. The 
5 driver has two ii5)ut terminals 11, 12 for connection to flieou^tternnnals 9, lOofthefirst 

block 1. 

A first MOSFET switch Ml has its drain and source terminals connected to 
respectively the first input terminal: 11 and connection node 15. A first fest recovery diode Dl 
is connected between connection node 15 and iiqiut terminal 12, so that it fonns a series 
0 connectiQn to the first MOSFET Ml- A second MOSFET switch M2 has its source and drain 
terminals connected to respectively flie second iiqnit terminal 12 and connection node 16. A 
second fest recovery diode D2 is connected between connection node 16 and flie first input 
terminal 1 1, so that it forms a series connection to the second MOSFET MZ. 

The respective connection nodes 15, 16 are connected to separate inductors 28 
25 and 29,. wMch.are both connected to a first output terminal26. Qne^ide of flie lamp 4 is 
connected to the ou^ut terminal 26. A filter capacitor 18 is placed in parallel with the Ismp 
4. The transformer 6, 7 and said c^acitor 18 serve to smoothen the current through tiie lamp 
4. 

The driver 3 fbrlher conqprises a control unit 20 having at least two output 
30 terminals 21, 22 which are connected to the respective gates of the two MOSFETs Ml, and 
M2. The control unit 20 is designed to open and close tiie MOSFET switehes Ml, M2 by 
siq)plying the gate of tiiese devices witii a control signal SI, S2. The control unit 20 typically 
comprises an arrangement for detecting the voltage between connection nodes 15, 16 and the 
ii^ut terminal 12, a logic circuit 20* and a level shifter circuit 59. When tiie detection 
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arrangement detects a substantially zero voltage over the active opened switch (Ml or M2), a 
signal for closing flie corresponding switch is produced via the logic circuit 20' and Ihe level 
shifier circuit 59. The level shifter 59 has the main task of raising &e "l" ou^ut of the logic 
circuit 20' to a suitable voltage to switch on Ml or M2. 
5 The detection arrangement comprises a first c^adtive divider 42, 43 coupled 

between one input terminal 12 and the first CQunection node 15, indieiein the divider node 82 
between fte two c^adtois 42, 43 is coiq>led via a resistor 78 to a logic dicuit 20. This first 
divider is used to detennme when the voltage over the first switch is substantially zero. The 
detection arrangement furtiber comprises a second arrangement 40, 41 fin: detenmning when 
10 the voltage over die second switeh &siibstanlialfy zero. 

The logic drcuit 20' is designed to provide a signal which turns on the 
conesponding switch when the voltage in the divider node faiOs within; a ptedetermined , 
voltage range. 

Suitable values for the various components of the driver circuit designed for 
15 driving an HID lanq), typically a metal haHde lamp, are as follows: Ml en M2,7B60C, 
inductor 28, 29, 300 M, diode Dl and D2, MURieO, capacitor 40, 42, 33 pF, capacitor 41, 
43,330pF. 

It will be qipredated that the values given above for the various conqKments . 

of Ihe circuit are merdy ilhistratfve, and that other vahies and designs are also suitable based 
20 on tihie particular criteria and p r e ferences of the circuit designer. 

The lyi^cal behavior of this comnmtating-ferward driver drcuit will now be 

described with reference to &e voltage and current waveforms shown in Figure 3. 

A signal SI, S2 causing a conesponding switch to close will be indicated in 

Figure 3 as a logical value "1", whereas a signal SI, S2 causing a corresponding switeh to 

25 open will be indicated as a logical "0". The sum of the current through the respective 

inductors 28 and 29 will be refen<ed to as the lan^ drcdt ciment Ilc, while the current 
through the lampis referred to as II. .... 

During a first commutation interval 30, five main operational phases can be 
distinguished, tiiese bemg indicated in Figure 2 with the arrows A1-A5. When the signal SI 
30 is suchtiiatMOSFETMl is conducting^ i.e. SI = "l", aa increasing cunentwiU flow ftom 
iiqnit terminal 11 viaMOSFETMl through inductor LI, as mdicated with die anowAl. The 
current continues to increase until apeak current Ip is reached and Ml is switehed off by 
setting signal SI to "0". At that moment die paraUel c^adtor 19, which models die internal 
capadtanceasseeninnode 15, takes over the inductor current as indicated with arrow A2, 
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causing the c^acitor voltage to decrease i^idly untfl the diode Dl is switched on. Diode Dl 
now takes over the inductor current as shown with arrow A3. The inductor current Ilc 
decreases further and crosses zero. Diode Dl stops conducting and Ihe parallel capacitor 19 
takes over the current in the reverse direction, causing the capacitor voltage to rise rapidly. 
When the voltage over the parallel capacitor 19 reaches ibe voltage of the first iiqiut terminal 
1 1, Uie internal body diode 23 of flie MOSFET Ml will conduct during a very short period, 
as shown by anew A5, and Tl can be switched on again by flying a ngnal SI = " 1". In 
this way turning on the switch takes place when the voltage drop over the MOSFET Ml is 
substantially zero or, in other words, a zero-voltage switching has been performed accordmg 
to the method of the present invention. Phase 1 will luiw start again. 

This zero-voltage switching of Ihe first MOSFET Ml is repeated until a 
commutation moment At such a moment the first commutation interval 30 ends, and flie 
second commutation interval 31 starts. During the second commutation interval 31 the 
second MOSFET M2 is repeatedly switched on and off, while the first MOSFET Ml is held 
in its non-conducting state. It will be parent that Ihe same five phases can be distinguished 
and that tbe current flows in the opposite direction throu^ the lamp circuit 

Figure 4 illustrates tihe lo^c circuit 20' of a control unit 20 according to the 
invention. The cq»acitive dividers 40, 41 and 42, 43 are connected to tiie input pins 82 and 83 
of flie logic circuit 20'. These voltage levels are tiansferred to logic voltage levels via two 
Schmitt triggers 48, 49. One trigger output 67 corresponding witii the voltage in connection 
node 16 is inverted wifli inverter 50, so tiiat tiiis ou^ut is high when a zero voltage is 
detected. On the assunqrtion that the circuit is operated in the second commutation interval, 
and hence switch Ml is permanentiy open (tiius ou^ut 68 is low), the output 69 of tiie XOR 
51 switches ftom low to high when a zero voltage is detected. This causes a rising edge at the 
entrance of flie master flip-flop. 50,-so.that1he output Q of the master flip-flop 52 is high, and. 
hence the ou^ut pin 61 of tiie driver 58 is high as well. This ou^ut pin is connected to a 
. level shifter circuit 59 for switching on tiie switch which is being operated, which is 
determined by ou^iut pan 60 of tiie logic circuit 20*. 

For the sake of clarity the truth table of tiie fl^flqps 52, 55 and 56 is given 

below: 
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The low fiequency signal, typically a 100 Hz square wave signal, is provided 
at input pin 63. This signal is synchronized with the high-ftequency signal at the output of 
flip-flop 52 by means of two subsequent flip-flops S5 and 56. 

This synchronized signal is used to detennine the commutation time of flie : 
driver circuit of the lamp. 

Flip-flop 55 is coupled wiHx Ae output "not Q" of the master fl^flop 52 to 
trigger the flip-flop 55 on a matter reset The Q ou^ut of flip-flop 55 is connected with a 
latch 57 for providing an output signal in ou^ pin 6Z 

€)u^ pin 62 is connected via a fust diode 92 with iiqrat pin 82, and via a 
second diode 93 with itq)utpm 83. These diodes 92, 93 ensure fliat iqiut pin 82 is maintain^ 
hig^i when switch Ml is active (first comnnitation interval), and that input pin 83 is 
maintamed low when switcdi M2 is active (second commutation interval). 

The tum-on time of the switches can be determined by different conditions. 
The logic circuit comprises a timer 54 which starts running afier a zero-voltage detection 
(switch is turned on), which timer 54 has an output which becomes high when a pre-set time - 
T has closed. This causes a low value (via the NOR element 53) at flie ca> pin of the flip- 
flop 52, which brings tiie output Q of said flip-flop 52 to low state and turns off the switch. 
Other mprxts can be coiq)led to tiie NOR element 53 in order to turn off the switch. For 
example, a signal which rises when a peak current or an over-voltage is detected. 

Figure 5 shows tiie signals at various pomts of the logic drcuit 20', and further 
illustrates the above e^lamed behavior of flie control unit 20. Note tiiat the commutation 
moment is synchronized wifli die control signal in node 61 (V61) fer the active switch, and 
that commutation occurs when the current Qcl) is substantially zero. 
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Figure 6 shows the cunent through the lamp II and Ihe voltagp over the lamp 
Vl, when the dicuits of Figure 2 and 4 are used. The power of Ihe lamp was 73 Watt The 
scale of flie y-«ds is respectively 50 V/ major division for Vl, and 1 A/ major division for Ii, 

while time is shown along the X-axis in 500 :s/ major division. 
5 Figure 7 shows a detail view oftiie voltage and current waveforms of Figure 6 

during commutation. The scale of tiie y-axis is respectively 50 V/ major division for Vu and 
1 A/ m^or division for lu while time is shown along the X-axis in 10 :s/ m^or division. The 
commutation time is largely determined by tiie values of flie csqmdtois and inductora used in 
the circuit 

10 Figure 8 is a waveform diagram lowing flielanq?drcuit current Iix: being tiie 

sum of tiie currents tiirough tiie respective inductors 28 and 29, when tiie circuits of Figure 2 
and 4 are used, and for a lamp power of 73 Watt. The scale of tiie y-axis is 1 A/ major 
division for lie, while time is shown along tiie X-axis in 10 :s/ major division. The current 
peaks just after commutation ^ typically detected by peak current detection means (not 

15 8howninFigures2and4)providingtiieNORelement53witiiahi^iiq)ut,andhence 

clearing tiie master flqi-flop 52, in onJer to switch off tiie active switch. 

Figure 9 rqaesents a second embodiment of flie circuit according to tiie 

invention. In tiiis circuit a first arrangement 80 coupled between iiq)ut terminal 11 and 
connection node 1 5 comprises a series connection of a switch Ml wifli two diodes coupled m 
20 anti-parallel 70,71. A second similar arrangement 81 is coi5)led between tiie ii^ terminals 
12 and tiie common connection node 15 connected to one side of a smgle hiductor 28. The 
operating principles are similar to tiiose described above and will not be repeated here. 

The logic circuit 20' described in Figure can also be used to control tiie drcuit 
of Figure 9. The connections are different however; oulputpin 60 is notused, whereas ou^ 
25 - inn 62 now provides tiie synchronized commutation signals.-Furtiiermore only one capacitive 
divider is used and ou^ pin 62 is not connected via diodes 1o tiie input pins 82, 83, but is 
connected to tiie level shifter and to tiie iiq?ut pin 82 of tiie logic circuit 20'. In fliis way a 
different synchronization is obtained during commutation, as can be seen in Figure 10. Here 
tiie role of flie MOSFET switches Ml, M2 is changed when tiie current flirougji tiie inductor 
30 28 is maximum. Note however fliat tiie voltage over tiie switch which is going to become 
active is substantially zero at that time. 
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The inventioii is not limited by the above iUustrated preferred embodiments, 
many modifications of which can be envisaged. The scope and spirit of the invention is set 
forth in the following claims. --• -• ... ...... 
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dJVIMS: 



1 . Circuit for driving a load, comprising: 

- two iiq»uttemiinals (11,12) for connection to a source of a siqjply voltage (Vs^^ 

- a first and a second output terminal (26, 27) for connection to the load (4); 

- at least one inductor (28) coiq)led between one oftheou^tenninals and a 
corresponding connection node (15); 

- at least one arrangement (80) comprising a switch (Ml) coupled between one of said 
inpat temiinals (1 1) and one of said connection nodes (15), a diode (Dl) being connected 
between said (me connection node and tbe otiier input terminal (12); 

- a control unit for controlling said one or more switches (Ml, It(Q); 

characterized in that each anangement (80) and corresponding diode (Dl) axe designed to 
aUow flie voltage over the opened switdi (Ml) of said arrangement to return to substantiaUy 
zero befiwe said switch (Ml) is closed, the control unit being designed to provide a signal for 
closing the switch (Ml) when a substantiany zero voltage over said opened switeh (Ml) is 
detected. 

2. Circuit accordmg to claim 1 for driving a load (4) with a substantially square 
wave current^ conqjrising: 

- a first arrangement (80) comprising a first switch (Ml) coupled between the first input 
terminal (1 1) and one of the said connection nodes (15), a diode (Dl) being connected 
between said one connection node (15) and the second input terminal (12); 

- asecaiMiarrangiHnent(81)bompriskgaesecQndsw^ 

second input terminal (12) and one of the said connection nodes (15, 16), a diode (D2) 
being connected between said one connection node (15,16) and the firstiiiputtenninal - 
(11); 

- the control unit bemg designed to generate its control signals in commutation intervals 
(30, 3 IX said first switch (Ml) being operated during a first interval (30) causing a load 
current having substantially a first direction, and said second switch (M2) being operated 
during a second interval (31) causing a load current having substantiaUy the opposite 
direction. 
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3. Circuit accoidiag to claim 1 or 2, characterized in liiat said switches (Ml^) 

axe MOSFET switch^. 

5 4. Circuit accordiiig to claim 2, <*aracteri2»d in that a fire 

coupled between an oulput terminal (26) and a first connection node (15), and a second 
inductor (29) is coupled between said ou^ terminal (26) and a second connection node 
(16), wherran flie first switch (Ml) is coiq>led between said first connection node (15) and Ihe 
first input teiBMnal (11) andflie second switch (M2) is coupled between said second 

10 connection node (16) and the second iapat terminal (12). 

5. Circuit according to claim 2, characterized in tiiat each anangement (80;81) 
comprises a series connection of a switeh (Ml; M2) with two diodes coupled m anti-paiallel 
(70,71;72,73), whidi first and second arrangement (80,81) are coiq)led between the. 

15 respective mput terminals (1 1;12) and a conmion connection node (15) connected to one side 
of the inductor (28). 

6. circpit according to any offlie claims 2-4, characterized in that the control 
unit (20) is designed to generate a commutation control signal for controlling the 

20 commutation intervals (30,31) and a switching signal having a higher fi»quency tiian said 
commutation control signal for controlling the operation of tiie active switch, wherein said 
commutation and said switehing signal are synchronized by tiie conHol unit (20). 

7. Circuit according to claim 6, characterized in that the conmiutation control 
...25 signal ensures a commutation firom said firstinterval (30) to said second interval (31) when 

tiie current through tbe one or more inductors (28, 29) is substantially zero. 

8. Circuit according to claim 6, characterized in feat the commutation control 
agnal ensures a commutation &om said first interval (30) to said second interval (31) ^en 

.30 Ihe current throu^ the at least one inductor (28, 29) is substantially maximum. 



9. Method for driving a load (4), conqprising die st^ of: 

- turning on a switdi (Ml) for providing current through an inductor (28) to tiie load; 
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- tuming off said switch (Ml) when the cutr^t through the inductor (28) reaches a 
determined value; 

characterized in that after turn-off of the switch (Ml) the current is directed so that it 
continues to flow until the voltage over the switch is substantially zero, at which time the 
5 switch (Ml) is turned on again. 

10. ContmlunitforuseinacMxajitaccordmgtoanyoflhedaims 1-8,^ 

method of claim 7, characterized in that said control unit oonqnises: 

- two capadtorscoiq>led in series between one iiqmttermhial (12) and one of the . 

10 connection nodes (15, 16), wherein fhe ^vider node (82,83) between the two c^adtors 
(42,43;40,41) is coupled via a resistor (78;77) to a logic circuit; 

- said logic chxmit being designed to provide a signal which turns on the corresponding 
switch connected to said connection node (15; 16) when the voltage m the divider node 
(82;83) &l]s within a predetermined voltage range. 



1 1 . Control unit accordmg to clahn 10, characterized in tiiat said logic circuit 
further comprises a timer (54) which starts running when tiie active switdi (M1;M2) is turned 
on until a pre-set time period (Ton) has elapsed, wherem the logic circuit provides a signal 
for turning offthe switch when this pre-set time period has eh^ed. ' , 

12. Control unit according to claim 10 or 11, characterized in fliat said logic 
circuit furdier conqnises means for detecting apeak current in tiie load (4), wherem the logic 

chxant provide a signal for tuniingofftiie switch (Ml ;M2) when said peak cur^ . • 
detected. 
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ABSTRACT: 



Circuit for driving a load, cominising: two input terminals for connection to a 
source of a supply voltage; a first and a second output terminal for connection to the load; at 
least one inductor coupled between one of the output terminals and a corresponding 
connection node; at least one arrangement comprising a switch coiq>led between one of said 
S ii^ut terminals and one of said connection nodes, a diode being ccmneatedl between said one 
connection node and the oth^ input terminal; a control unit for controlling said one or mote 
switches; wherein each arrangement and corresponding diode are designed to allow the 
voltage over the opened switch of said arrangement to retum to substantially zero before said 
switch is closed, the control unit being designed to provide a signal for closing the switch 
10 when a substantially zero voltage over said opened switch is detected Turning the switch on 
at a substantially zero voltage means that switching losses are greatly reduced, and this 
without conqilicating the circuit 
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